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5I. Introduction
A hypernucleus is a bound system of nucleons and at least one hyperon, where hyperons are
baryons containing strange quarks. The presence of the strange quark makes hyperons spaecially
attractive to study since these systems are unstable with respect to the weak force, leading to the
appearance of weak decays which do not conserve neither parity, isospin nor flavour.
Traditionally, the study of the decay of single-Λ hypernuclei has captured most of the attention
[1][2][3] , since they are the lightest strange bound systems and consequently the easiest to produce.
Hypernuclei are usually produced with hadronic reactions in excited states. To reach the ground
state, these nuclei typically experiment a deexcitation process which often includes the emission of
particles or electromagnetic radiation. Once in the ground state, these nuclei decay through weak
interaction processes, as the ones studied in the present work.
A Λ hyperon in free space decays weakly, with a lifetime of τΛ = (2.631 ± 0.020) × 10−10
s, leading to nucleons and pions (mesonic decay mode) in the final state with an approximate
ratio Γ(Λ → ppi−)/Γ(Λ → npi0) ∼ 2 , which is compatible with a change in isospin along the
decay process of ∆I = 1/2. The observed suppression of ∆I = 3/2 transitions over ∆I = 1/2
ones has motivated a number of theoretical investigations, as that of Ref. [4], but a fundamental
understanding of its origin is still missing. When the hyperon is bound in the nuclear medium
this decay mode is Pauli blocked, since the emerging nucleon tries to access momentum states that
are already occupied by the surrounding nucleons, and non-mesonic decay modes induced by the
presence of these nucleons (ΛN → NN) become dominant.
Recently, the attention has been focused on doubly strange systems which offer a richer scenario
that includes additional decay channels. In the present work we study the decay of 6ΛΛHe. This
hypernucleus was first observed in the KEK-E373 experiment [5], which aroused great interest
on theoretical and experimental studies involving the ΛΛ interaction. Since then, other ΛΛ -
hypernuclei have been observed, allowing for a precise extraction of the ΛΛ binding energy, as well
as many other nuclear properties. More recently, the E07 experiment at J-PARC [6, 7] aims to
produce ΛΛ nuclei throughout the capture of Ξ hyperons, with the subsequent strong conversion
into ΛΛ pairs. It is estimated that the statistical sample will be an order of magnitude greater than
the one in experiment KEK-E373, allowing for a more accurate extraction of the strong and weak
baryon-baryon (BB) interaction observables in the strange sector.
Due to the strong interaction acting on the baryons, the ΛN and ΛΛ pairs in the initial hy-
pernucleus can mix with other baryon-baryon (BB) channels with either one-unit or two-units of
strangeness, ΣN and ΞN and ΣΣ respectively. The different components of the wave functions are
contained in the solution of the G-matrix equations. These initial two-body particle states will in
turn decay via weak processes leading to BB states which leave the system with enough momenta
to be treated with a T-matrix formalism, where no medium corrections are considered.
6In Ref. [8] the decay of 6ΛΛHe induced by ΛN → NN and ΛΛ → ΛN(ΣN) transitions was
studied. In this work, the decay rates to the different final states were calculated to be: ΓNN =
0.96ΓΛ, ΓΛN = 3.58× 10−2ΓΛ and ΓΣN = 3.0× 10−3ΓΛ, where ΓΛ = 3.8× 109s−1 corresponds to
the decay rate of a Λ in free space. The total contribution added up to a final value for the rate of
Γ = 0.96ΓΛ, dominated by the exchange of pi and the K mesons in the weak model.
As it can be seen from Fig. 1 (taken from Ref. [9]), the dominant component of the ΛΛ wave
function is the diagonal ΛΛ − ΛΛ one, with the ΛΛ − ΞN being the quantitatively second in
importance in the relevant region. This fact motivated the work of Refs. [9, 10], with the inclusion
of the ΞN → Y N decay channel in the formalism, which modified the results presented in [8].
While the ΛN contribution experimented a decrease, giving a value of ΓΛN = 1.31× 10−2ΓΛ, the
ΣN contribution increased its value to ΓΣN = 2.67 × 10−2ΓΛ, adding to a total contribution of
Γ = 3.98 × 10−2ΓΛ. Nevertheless, a complete study of the decay process must include all the
components of the wave function. The remaining contribution is the one coming from the ΛΛ−ΣΣ
channel, for which one expects an even smaller contribution. In any case, it is necessary to give
a realistic estimation of its value as it can give us additional information on the baryn-baryon
















From GΛΛ - ΛΛ
From GΛΛ - ΞN
From GΛΛ - ΣΣ
Figure 1: Comparison of the harmonic oscillator ΛΛ radial wave function in 6ΛΛHe with the
different components of this same wave function obtained from a G-matrix calculation, and
corresponding to the 1S0 channel for a value of the relative momentum of 100 MeV. Figure taken
from Ref.[9]
In the present work we study the (ΛΛ−ΣΣ)→ Y N decay mode in 6ΛΛHe . To describe the weak
transition we use a one-meson-exchange model which includes the contribution of the pseudoscalar
pi and η mesons. The evaluation of the corresponding Feynman amplitude requires the knowledge
7of a set of strong and weak baryon-baryon-meson coupling constants. Only the ones involving
decays into pions with enough phase-space can be directly extracted from experiments. To obtain
the rest of couplings one must use effective lagrangians, based on the use of SU(3) flavor symmetry,
formulated for the strong and weak interaction among hadrons.
For an easier understanding of the diagrams we are using, the baryons and mesons relevant for
this work are shown in Tables I and II [11]. Due to the lack of time, K mesons are not considered
in the present work and their inclusion is postponed.
The structure of this master thesis is the following. In Chapter II the expression for the decay
rate is presented. In Chapter III the One Meson Exchange model used in our calculations of
the two-body weak transition is explained, including the representation of the exchange diagrams
and corresponding strong and weak vertices. Once the weak transition potential is derived, the
coupling constants are computed using effective lagrangians and the pole model. Last two sections
of Chaper III are dedicated to obtain the matrix elements for the isospin and the spin operators.
Finally, in Chapter IV we discuss the results obtained and present some conclusions. We have
added some appendices at the end to illustrate some specific computations, as well as the integral




I I3 S Mass (MeV) Mean Life τ (s)
Non-Leptonic
Decay Modes
Λ 0 uds 0 0 -1 1115.683± 0.006 (2.632± 0.020) · 10−10 ppi− / npi0
Σ0 0 uds 1 0 -1 1192.642± 0.024 (7.4± 0.07) · 10−20 -
Σ+ 1 uus 1 1 -1 1189.37± 0.07 (0.8018± 0.0026) · 10−10 ppi0 / npi+
Σ− -1 dds 1 -1 -1 1197.449± 0.030 (1.479± 0.011) · 10−10 npi−









> 2 · 1029 (years) -
Table I: Physical properties of the (JP ) = (12
+
) baryons used in the present work.
8Particle Q Quark composition I I3 S Mass (MeV) Mean Life τ (s)
pi0 0 (uu¯− dd¯)/√2 1 0 0 134.9770± 0.0005 (8.52± 0.18) · 10−17
pi+ 1 ud¯ 1 1 0 139.57061± 0.00024 (2.6033± 0.0005) · 10−8
pi− -1 du¯ 1 -1 0 139.57061± 0.00024 (2.6033± 0.0005) · 10−8
η 0 c1(uu¯− dd¯) + c2(ss¯) 0 0 0 547.862± 0.017 -
Table II: Physical properties of the pseudoscalar (JP ) = (0−) mesons used in the present work.
9II. Decay rate
The aim of this work is to obtain the decay rate expression of ΛΛ-hypernuclei when the ΛΛ−ΣΣ
strong coupled wave function is considered. The nonmesonic weak decay mechanism is studied
within the one boson exchange model.

















where M is the nuclear transition amplitude M =< N Y 4Z|Oˆ|6ΛΛHe > with Oˆ the two-body
operator responsible of the transition ΛΛ→ Y N , k1 and k2 are the two final particles momenta, J
is the quantum number for the initial hypernucleus, MJ its projection and the δ(E) stands for the
energy conservation. The first sum is over the spin projections of the two final particles whereas








are to be done over the two final particles, it is, over all final momenta possibilities.
To compute the weak transition amplitude, we need to decouple the ΛΛ pair from the initial
hypernuclear wave function. This is relatively simple, since the two Λ′s are weakly coupled to the
residual 4He core.
It is known experimentally that the ΛΛ system has a quantum number L = 0, which contributes
to the total wave function with a symmetric factor. Because these two particles are identical
fermions, its compulsory for their total wave function to be antisymmetric. Then, an antisymmetric
factor for the spin is needed, and therefore they must be coupled to S = 0.
|Ψ(6ΛΛHe) >= |6ΛΛHe >J=S=L=T=0= |ΛΛ >J=S=L=T=0 ⊗|4He >J=S=L=T=0 (2)
Our final wave function contains the two baryons coming out from the two-body weak process,
and a residual 4-particle state which has to coincide with the initial 4He core, acting as spectator
in the weak reaction.






























t1T2t2|TMT >< SMS | < TMT | < ~kN ,~kY | <4 Z|. (3)
∆I = 1/2 variations in the weak transition can be incoporated through the coupling of the
|1/2− 1/2 > isospurion to one of the Λ’s in the initial ΛΛ pair, that fixes the isospin state of the
10




















| < ~kN ,~kY | <4 Z|. (4)
The amplitude M with both the initial and the final wave functions can be written, once we
have performed the change to separate between the center of mass and the relative wavefunction:






























><4 Z|4He > . (5)

























































><4 Z|4He > |2. (6)
Where we can take out the 2J + 1 = 1 term. As we previously explained, the total angular
momenta for theΛΛ system is J = 0. Also with J(4He) = 0, we only have the J(6ΛΛHe= 0 possibility.
Firstly, <4 Z|4He > becomes a δZHe that forces Z = He. Secondly, we do a simplification on the
sums over the spin. This can be done taking out the Clebsch-Gordan coefficients for the spin























δSS′δMSM ′S . (7)






















































Where we have factorized some terms to compute them individually.
The first block < 12 tNTY tY |12 − 12 > is the Clebsch-Gordan value resulting when coupling the
two final isospin values to the only possibility T = 12 , t = −12 .
< ~K|ψCM > is the corresponding overlaping factor between final and initial CM wave function.
Similarly, we have < ~k, SMS |Oˆ|ψREL, S0 = 0MS0 = 0 >, the ovelaping factor between relative
initial and final wave function, which contains spatial and spin combinations. This is going to give
us some restriction to other quantum numbers once the spin operator is applied.
Finally, < 12 − 12 |Oˆ(T )|12 − 12 > is the isospin term.
We develop all these terms in the next sections.
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III. One Meson Exchange Model
To compute the decay rate we use a One Meson Exchange Model, which has been successful







Figure 2: General representation of the Feynman diagram for the weak ΣΣ→ Y N transition.
To derive the corresponding potential we start from the free Feynman amplitude depicted in
the diagram shown in Figure 2, which can be expressed as:
M =
∫
d4xd4yψ¯3(x)Γ1ψ1(x)∆M (x− y)ψ¯4(y)Γ2ψ2(y) , (9)
where ψp(x) = e
−ipxu(p) are the free baryon fields, Γi the operators describing the baryon-






(q0)2 − ~q 2 −m2m
. (10)
Performing a change to center-of-mass and relative variables and integrating over the center-of-
mass, time and energy variables, one obtains an expression that, in the non relativistic limit, gives
us the Fourier transform of the transition potential in coordinate space V (~r):










With this expression, we are in a position to obtain the weak transition potential for each of
































Figure 3: Feynman diagrams for the possible weak transitions starting from an initial Σ0Σ0 pair.
A. Exchange Diagrams
Since our work focusses on the effects of the ΛΛ−ΣΣ component of the initial wave function to
the decay rate, only weak transitions with an initial ΣΣ state are considered. Figure 2 represents
the transition from an initial Σ1Σ2 state (with the subindices denoting different charge) to a final
NY state, with Y = Λ or Σ. The crossed circle stands for the weak vertex while the strong vertex
is generally denoted by a little full circle or without a symbol, as it is presented here. Both vertices
must conserve charge. The strong vertex must preserve quark flavor and isospin, while the weak
vertices follow the ∆I = 1/2 rule and can change the quark flavor. The dashed line represents the
exchange of a meson between the two vertices, i.e. the particle that will mediate the transition.
The convention is to take Its direction towards the strong vertex. The structure of the Γ operators
in Eq. (11) depends on the type of particles involved in each of the vertices.
Taking into account all these restrictions, we end up with the Feynman diagrams included in



























B. Vertices and Final Potential Expression
For pi and η meson exchanges we have a similar structure for weak and strong Hamiltonians
except for isospin and coupling constants.
As it is said before, the nonrelativistic limit of the free space Feynman amplitude can be
associated with the transition potential. So, what we need to calculate is the potential associated
from the Hamiltonians we have at each vertex.
For this, we are going to need both strong and weak Hamiltonians, one of each associated at the
corresponding vertex. For the strong Hamiltonian we use the usual gSγ5 parametrization, where
gS stands for the strong baryon-baryon-meson coupling, which will be given later on. For the weak
vertex we need to incorporate two terms which will lead to the partity-violating (PV) piece ( ”A”
















Figure 4: Feynman diagrams for the possible weak transitions starting from an initial Σ−Σ+ pair.
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where ~q is the momentum carried by the meson directed towards the strong vertex.
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~σ2 · (~k′ − ~k) E=M= − 1
2M
(~σ2 · ~q). (14)


























Combining Eqs. (13), (12) and (14), and taking the leading contribution, we obtain the PV
potential:









(~σ2 · ~q) . (16)
Analogously, the combination of Eqs. (14), (12) and (15), leads us to the leading PC potential:






(~σ2 · ~q) . (17)
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The potential is the sum of these two terms including G2W gS factor and the isospin operator,
which will be given at the end of this section:


























Oˆ(T ) . (18)
In order to calculate the transition amplitude we have to perform a Fourier transformation.






















which can be solved using the Cauchy’s residue theorem.







(~σ1 · ~q)(~σ2 · ~q)d3q. (20)
Here we use the relation (~σ1 · ~q)(~σ2 · ~q) = {σ1qσ2q − 13σ1σ2q2} + 13σ1σ2q2 = S12 + 13σ1σ2q2 to
split the PC potential in a central and a tensor contribution. Note that, as explained in section
[III E], the tensor operator will not contribute because the ΣΣ system is in the singlet state.















The final potential then becomes








































Oˆ(T ) . (22)
Both PC and PV contributions can be splited in three terms: one containing the spin operator,
another for the isospin one, and a final term including all radial dependences. For our case:
V (~r) =
[





























where Oˆ(T ) is the isospin operator.
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To obtain the isospin matrix elements we enforce the ∆T = 12 rule through the coupling of





> ⊗|Y > . (25)
Given that the Σ is an isospin triplet, the coupling with the isospurion gives us two spurion
states, one with T = 1/2 and the other with T = 3/2:































































Since we are only considering the exchange of non-strange mesons (pi, η), the ΣΣ→ Y N transition













Oˆ(T ) · ~ΦmΣ˜, (27)
where the first term represents the decay from the isospin 1/2 of the Σ spurion, and the second
one involves T instead of τ , that is the decay from the isospin 3/2 component of the Σ spurion.
Only when a pi is the meson being interchanged this two cases will appear in contraposition with
the η case, where the isospin can only come from a 1/2 → 1/2 transition. This is explained more
accurately in section [III D].

































W . Now we apply the same relation as before ((~σ1 · ~q)(~σ2 · ~q) = {σ1qσ2q −
1
3σ1σ2q
2}+ 13σ1σ2q2 = S12 + 13σ1σ2q2), and do a Fourier transform to obtain the potential decom-
position as before.
































































At this point, we must derive the values of the weak and strong baryon-baryon-meson (BBφ)
constants that appear in the expression of our potential. To do that, we will use the appropriate
effective Lagrangians in each sector.
For the strong vertices the Lagrangian at lowest order is given by the expression:
Lstrong = Tr[B¯(iγµ∇µ −MB)B] + D
2
Tr[B¯γµγ5{uµ, B}] + F
2
Tr[B¯γµγ5[uµ, B]], (30)

































The operators appearing in Eq. (30) are defined as:





The u matrix contains the meson fields, φ, through the expression :
u = eiφ/
√





2f ≈ 1− i√
2f
φ(x)†. (34)
which has been expanded to first order to account for the exchange of a single meson. The explicit


















One can see that at lowest order, the contribution of the Γµ and uµ terms are:
Γµ = i(u
†∂µu+ u∂µu†) = 0 (36)
and
uµ = i(u





allowing us to rewirte the first term in the Lagrangian of Eq.(30) as:
B¯(iγµ∇µ −MB)B = iB¯γµ∇µB − B¯MBB =
= iB¯γµ∂µB + iB¯γ
µ[Γµ, b]B − B¯MBB = iB¯γµ∂µB − B¯MBB,
(38)
contributing only to the kinetic energy and the mass term of the baryons in diagonal channels.
The BBφ coupling constants will be given by the second and third terms in Eq.(30), where the
constants D and F are the octet baryon to meson couplings, with values D = 0.85 MeV, F = 0.52
MeV [13][14]. To exemplify the procedure we have added in Appendix (C 1) the explicit calculation
of the strong Σ−pi+ → Σ0 vertex. Our results for the strong coupling constants required to perform
the present calculation, which includes only the exchange of the pi and η mesons, are presented
in Table III. Note that, for completeness, we have added the ones corresponding to the kaon,
although its contribution has not been evaluated in the present work.
For the weak vertices, one must perform an equivalent calculation but using the appropriate
weak lagrangian. It is important to note that the effective lagrangian can only give us the parity-
violating coupling constants [15] because it does not contain the CP transformation properties










pi = 2.21 × 10−7, fpi = 93 (MeV) is the pion decay constant, hD = −1.69 × 10−7 and








and the meson fields are included in the ξ matrix in analogy with the u matrix appearing in the
strong Lagrangian, giving at leading order:




As before, an explicit example of the calculation is included in Appendix C 2, and the values of
the relevant coupling constants for the weak sector are presented in Table V.
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Channel D2 Tr[B¯γ
µγ5{uµ, B}] + F2 Tr[B¯γµγ5[uµ, B]] Numerical values
Σ−pi+ → Σ0 +Fγµγ5Σ¯0∂µpi+Σ− 1f 13.36
Σ+pi− → Σ0 -Fγµγ5Σ¯0∂µpi−Σ+ 1f - 13.32
Σ0pi0 → Σ0 0 0
Σ0η → Σ0 Dγµγ5Σ¯0∂µηΣ0 1√3f 12.59
Σ0pi− → Σ− Fγµγ5Σ¯−∂µpi−Σ0 1f 13.36
Σ0pi0 → Λ Dγµγ5Λ¯∂µpi0Σ0 1√3f 12.18
Σ−pi+ → Λ +Dγµγ5Λ¯∂µpi+Σ− 1√3f 12.21
Σ−pi0 → Σ− -Fγµγ5Σ¯−∂µpi0Σ− 1f -13.39
Σ+pi− → Λ Dγµγ5Λ¯∂µpi−Σ− 1√3f 12.16
Σ0K0 → n -Dn¯γµγ5∂µK0Σ0 12f + Fn¯γµγ5∂µK0Σ0 12f -3.78
Σ0K+ → p Dp¯γµγ5∂µK+Σ0 12f -Fp¯γµγ5∂µK+K0 12f 3.78
Σ+K0 → p Dp¯γµγ5∂µK0Σ+ 1√2f -Fp¯γµγ5∂µK0K+ 1√2f 5.34
Σ−K+ → n Dn¯γµγ5∂µK+Σ− 1√2f -Fn¯γµγ5∂µK+Σ− 1√2f 5.36
Σ−η → Σ− DΣ¯−γµγ5∂µηΣ− 1√3f 12.64
Table III: Values of the strong baryon-baryon-meson coupling constants involving pseudoscalar
mesons. The numerical values are presented in terms of the corresponding baryons and meson.
The weak PC coupling constants can be obtained with the use of the pole model, as explained
in Ref. [15]. To illustrate the method, we give the expression for the coupling entering the diagram
depicted in Fig.(5), where the weak transition has been moved from the vertex to the corresponding
baryon line. The first diagram on the right hand side of the figure represents the same weak process
but with the weak transition shifted after the strong interaction takes place, while in the second
diagram it is shifted onto the baryonic line right before the strong coupling occurs. The final
expression for this particular vertex is given by:
gΣ+Λpi−
1







In the equation above, the g constants stand for the strong BBM couplings at each of the strong
vertices, the denominator contains the mass difference between the baryons appearing in the baryon
line where the weak vertex occurs, and the A take into account these weak transitions.
For this specific case, since the pion can connect two Σ baryons or a Σ and a Λ baryon through
22
Channel D2 Tr[B¯γ
µγ5{uµ, B}] + F2 Tr[B¯γµγ5[uµ, B]] Numerical value
npi0 → n ∂µpi0(D + F ) 12f nn¯ 13.84
npi+ → p ∂µpi+(D + F )np¯ 1√2f 19.56
Σ0pi+ → Σ+ −∂µpi+Σ0F Σ¯+ 1f -13.32
Σ0K− → Ξ− ∂µK − Σ0(D + F )Ξ¯− 12f 18.52
nK− → Σ− ∂µK−(D − F )nΣ¯− 1√2f 5.36
Σ0K¯0 → Ξ0 Σ0∂µK¯0Ξ¯0(D + F ) 12f 18.47
nK¯0 → Σ0 n∂µK¯0Σ¯0(−D + F ) 12f -3.78
Σ+pi0 → Σ+ FΣ+∂µpi0Σ¯+ 1f 13.30
ppi0 → p pp¯∂µpi0(D + F ) 12f 13.82
ppi− → n p∂µpi−n¯(D + F ) 1√2f 19.56
Σ−K¯0 → Ξ− Σ−∂µK¯0Ξ¯−(D + F ) 1√2f 26.24
Σ+K− → Ξ0 Σ+∂µK−Ξ¯−(D + F ) 1√2f 26.09




pK− → Σ0 pΣ¯0∂µK−(D − F ) 12f 5.35




Table IV: Strong coupling constants entering the expression of the PC weak vertices through the
pole model. The numerical values are presented in terms of the corresponding baryons and meson.
the strong interaction, we get an additional term, depicted as the third.
23
Channel hDTr[B¯{ξ†hξ,B}] + hFTr[B¯[ξ†hξ,B]] Numerical values
Σ0pi0 → n −hD−hF2f Σ0(2f + ipi0)n¯fmGFm2m 4.95×10−7




















Σ0K¯0 → Σ0 hDf Σ0K¯0Σ¯0ifmGFm2m -1.69×10−7
Σ+η → p hD−hF√
2f
(2f −√iη)p¯Σ+fmGFm2m 6.06×10−7





Σ−pi+ → n −hD−hFf in¯Σ−pi+fmGFm2m 4.95×10−7
Σ+pi− → n 0 0











Table V: Values of the weak PV baryon-baryon-meson coupling constants involving pseudoscalar
mesons. Note that, for completeness, we have added the ones corresponding to the kaon,
although its contribution has not been evaluated in the present work. The numerical value is
always the term containing the meson. The results are given in terms of GFm
2
m and the
corresponding baryons and meson.
D. Isospin dependence
In analogy with the formalism presented in Ref. [9], we write the general structure of the isospin









































where the Clebsh-Gordan coefficients on the right in each line represent the coupling of he isospurion
(|12 − 12〉) to the Σ entering the weak vertex (|1t1〉), to give an isospurion state (Σ˜) with isospin























Figure 5: Ilustrative example of using a pole model.
Channel hDTr[B¯{ξ†hξ,B}] + hFTr[B¯[ξ†hξ,B]] Numerical value
































Σ−pi+ → n gΣ−Λpi+ 1mn−mΛAΛn + gΣ−Σ0pi+ 1mn−mΣ0 AΣ0n -7.90×10
−7





Σ−K¯0 → Σ− gΣ−Ξ−K¯0 1mΣ−−mΞ−AΞ−Σ− 6.70×10
−6








Table VI: Values of the weak PC baryon-baryon-meson coupling constants involving pseudoscalar
mesons. Note that, for completeness, we have added the ones corresponding to the kaon,
although its contribution has not been evaluated in the present work.
the Σ entering the strong vertex, while 〈12 tNf | and 〈TtY | represent the final nucleon and hyperon
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isospin states respectively.
The operational structures in Eq. (43) are:
Oˆ1 = ~τ1 · ~T2, Oˆ2 = ~T1 · ~T2, Oˆ3 = Iˆ1 · Iˆ2. (44)
but not all of them contribute to all final states. When our final state is given by a nΛ pair we
will only have contributions from the two first operators, due to the fact that the Λ has T = 0
and thus, it is not possible to connect the corresponding states with an identity operator. This
is illustrated in Figure 6, where only the two possibilities that are allowed are drawn. All three
operators contribute when the final state is NΣ, as shown in Figure 7.












Figure 6: Diagrams showing the different operators that contribute to a final nΛ state.


















Figure 7: Diagrams showing the different isospin operators that contribute to a final NΣ state.
The matrix elements for these operators can be easily obtained. Explicit calculations are in-
cluded in section B, and here only the final results are given. The connection between 32 and
1
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< 00|T k|1m > = (−1)k < 001− k|1m >= (−1)kδmk
< 1m′|T k|1m > =
√
2 < 1m′|1m1k > , (47)






























In our work we consider the exchange of only two pseudoscalar mesons. When dealing with
isoscalar mesons (η), the only operator that will contribute to the transition will be Iˆ1Iˆ2, so the














because the strong vertex will conserve all quantum numbers of the hyperons involved. The
Clebsch-Gordan restricts the expression to Σ0 and Σ− being the only ones that leads to a non-zero
result. The contributions to the T˜0 = 1/2 and T˜0 = 3/2 states, given by the product of strong and
weak coupling constants, are given in Table VII.
Channel T˜0 = 1/2 T˜0 = 3/2
Σ0Σ0 → nΣ0 gWΣ0nηgSΣ0Σ0η 1√3 0




Table VII: Product of weak and strong coupling constants that contribute to the weak transitions
when the initial isospurion state takes the values T˜0 = 1/2 and T˜0 = 3/2, for the exchange of a η
meson.
Now let’s concentrate on the pi mesons. We must differentiate between two cases. The first
one will take place when our weak vertex starts with Σ−. The coupling of this hyperon with the
isospurion leads us to only one final isospin possibility: T˜ = 32 , t˜ = −12 . This will restrict our initial















Here, we are dealing with two different final states (Λ and Σ0), both with an n, calculated in



























These are the cases when the initial spurion state can take the value T˜ = 3/2. All the final values
are also given in Table VIII. As we can see, the coupling constants for the Σ0Σ0 → Σ0n transition
are equal to 0. This is due to the Clebsch-Gordan factor < 10|~T2|10 >=
√
2 < 10|101k >= 0.
Channel ˜˜T0 = 1/2 ˜˜T0 = 3/2
Σ0Σ0 → Λn gWΣ0npi0gSΣ0Λpi0(2/3) gWΣ0npi0gSΣ0Λpi0(− 1√3 )











Σ0Σ0 → Σ0n 0 0




Σ+Σ− → Λn gWΣ+npi+gSΣ−Λpi+(−1/3) gWΣ+npi+gSΣ−Λpi+( 2√3 )
−gWΣ−npi−gSΣ+Λpi−







Table VIII: Product of weak and strong coupling constants that contribute to the weak
transitions when the initial isospurion state takes the values T˜0 = 1/2 and T˜0 = 3/2, for the
exchange of a pi meson.
An explicit computation is given in Apendix (C 4), as well as the special case Σ0Σ0 → Σ0n .
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E. Spin dependence
As we have previously said, our initial wave function is 1S0. This means that we start with
S = 0. The possible final spin values in the coupled basis are S = 0, 1. Because our quantum
number J must be always conserved, our two possibilities for the final wave function are 1S0 and
3P0, as represented in Table IX.
ΣΣ Y N
Central 1S0 → 1S0
PV 1S0 → 3P0
Table IX: Initial (ΣΣ) and final (Y N) partial waves connected through the weak potential.
From the results obtained in Section III B for the transition potential involving the exchange of
pseudoscalar mesons, one can see that the operator that can connect the initial and final 1S0 states
is the one appearing in the central spin dependent piece ~σ1 · ~σ2, while the one that transforms our
initial wave function to the 3P0 state is the parity-violating one ~σ ·rˆ. Note that, even though we also
obtain a tensor operator in our derivation of the potential, this operator carries two units of spin
and angular momentum and cannot connect singlet states, and therefore, it does not contribute to
our matrix elements.
Let us start with the computation of the matrix element corresponding to the parity violating
operator:
Oˆ = ~σ2 · rˆ (53)






















































m10 > . (54)
Using again the Wigner-Eckart theorem [17]:
< jm|T kq |j′m′ >=
(−1)2k < j′m′kq|jm >< j|T k|j′ >√
2j + 1
, (55)




6 being the reduced matrix element, and using the
relations: ~A · ~B = ∑µ(−1)µAµB−µ and rˆµ = √4pi3 rˆY1µ , we obtain:
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To simplify the sums we can do some algebra taking in account that MS and MS0 are fixed and




2m2|~σ2 · rˆ|12m10 12m20 > term in Eq.(54):
MS = m1 +m2, MS0 = m10 +m20, m2 = m20 − µ. (57)
Combining these relations one can express the quantum numbers as a function of m10, MS0 and
MS :
µ = MS0 −MS , m20 = MS0 −m10, m2 = MS −m10, m1 = m10. (58)
leading to a final expression for the PV spin matrix element:



























Further simplifications can be performed knowing that the radial integration (as we will see later)
imposes the constraints: S0 = MS0 = 0 and S = 1:


























The second and last spin operator is the central one:
Oˆ = ~σ1 · ~σ2 , (61)
which can be easily evaluated knowing that:




~σ1 · ~σ2 = 2~S2 − ~σ21/2− ~σ22/2 = 2~S2 − 2~S21 − 2~S22 . (62)
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Therefore,
< SMS |~σ1 · ~σ2|S0MS0 >=< SMS |2~S2 − 2~S21 − 2~S22 |S0MS0 >=
= 2 < SMS ||S0MS0 > [S(S + 1)− 3/2] = δSS0δMSMS02[S(S + 1)− 3/2].
(63)
Since S0 = 0 (and thus S = 0) the numerical value for the corresponding matrix element is:
< 00|~σ1 · ~σ2|00 >= 2[S(S + 1)− 3/2] = −3. (64)
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IV. Discussion of results
(ΛΛ− ΛΛ)→ Λn (ΛΛ− ΛΛ)→ Σ0n (ΛΛ− ΛΛ)→ Σ−p ΓΛΛ
pi 0.1350 2.3824 4.7648 7.2822
η 0.8945 0.2557×10−3 0.5114×10−3 0.8953
pi + η 1.2983 2.3526 4.7052 8.3560
(ΛΛ− ΞN)→ Λn (ΛΛ− ΞN)→ Σ0n (ΛΛ− ΞN)→ Σ−p ΓΞN
pi 0.8274 0.7726 1.5451 1.6015
η 0.25486 0.05339 0.1068 0.4151
pi + η 1.9892 1.2320 2.4639 5.6851
(ΛΛ− ΣΣ)→ Λn (ΛΛ− ΣΣ)→ Σ0n (ΛΛ− ΣΣ)→ Σ−p ΓΣΣ
pi 0.1862 0.1281 0.2563 0.5706
η 0.2123 0.0534 0.1068 0.3725
pi + η 0.07772 0.2001 0.4003 0.6781
ΛΛ→ Λn ΛΛ→ Σ0n ΛΛ→ Σ−p Γpi+η
pi 1.7746 3.0415 6.0831 10.8992
η 0.9643 0.4015×10−3 0.8030×10−3 0.9655
pi + η 5.3129 2.9921 5.9842 14.2893
Table X: In the first row we show the results obtained for the weak decay of 6ΛΛHe when only the
diagonal term of the initial ΛΛ wave function, (ΛΛ− ΛΛ), is considered Ref.[18]. In the second
row: when only the (ΛΛ−ΞN) component is considered Ref.[18]. In the third one the new results
obtained in this work are shown considering only the (ΛΛ− ΣΣ) component. In the fourth row
the combined results considering the three components of the initial wave function are presented.
All results have been obtained exchanging a pi, a η ans the combination of both. All the values
are given in units of ×10−3ΓΛ with ΓΛ = 3.8× 109s−1 the decay rate of a Λ in free space.
Γ(ΛΛ− ΛΛ) Γ(ΛΛ− ΞN) Γ(ΛΛ− ΣΣ)
pi 0.02 0.36 0.48
η 1166.01 1.59 1.33
pi + η 0.19 0.54 0.13
Table XI: Λn/ΣN ratio for the three wave function components and for the two mesons involved.
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Γ(ΛΛ− ΛΛ) Γ(ΛΛ− ΞN) Γ(ΛΛ− ΣΣ)
pi 3.96 3.35 0.02
η 0.02 6.42× 10−4 6.25× 10−3
pi + η 2.37 1.66 0.01
Table XII: PV/PC contributions ratio for the three wave function components and for the
exchange of pi, η and both.
In this section the results from all the previous computations are presented. This is an ex-
ploratory study of the contribution of the pi and η mesons to the decay rate produced by the
ΛΛ− ΣΣ component. All of the results are computed in a previously on Refs. [10, 12].
As it can be seen on the results, the transition rate for Σ0n and Σ−p differs only by a factor 2.
This is due to the fact that they have the same final state structure except for the Clebsch-Gordan
coefficient for the spin. For Σ0n the Clebsch-Gordan is 1√
3
, while for Σ−p is
√
2
3 . Since we are
dealing with a transition amplitude, all this values are squared, leading to this factor 2.
Regarding the contribution of each pseudoscalar to the final decay rate, the η exchange is
negligible as compared to the pion exchange. For the (ΛΛ − ΛΛ) value it represents a 10, 71% of
the total contribution and similar values are obtained for (ΛΛ − ΞN) which is a 7, 3%, and also
for the total contribution which leads to a 6, 75%. For the case (ΛΛ − ΣΣ) the exchange of η
contributes in a 54, 9% and cannot be neglected. Also the η meson exchange has a remarkable role
in the Λn final state in all cases, specially in the (ΛΛ − ΛΛ) channel. For the pions and also for
the contribution of both, the ΣN final state has a larger decay rate, as it can be seen in Table (X).
If we compute the PV/PC ratio, as displayed in table (ref), it is easy to see the leading
contribution for each meson. In all channels except (ΛΛ − ΣΣ), the largest contribution to PV
comes from the pi exchange up to a 5 factor, while for the η meson exchange, the contribution to
PC can be up to three orders of magnitude bigger than PV. When the two exchanges are taken
into account, the ratio balances again in favour of PV. For the (ΛΛ− ΣΣ) channel, the exchange
of a pi, an η as well as the combination of both exchanges contributes more significantly to the PC
term.
As we can see in Table (X), the role played by ΛΛ − ΣΣ component of the wave function
is not very significant at the level of the total rate, being one order of magnitude below to the
corresponding ΓΛΛ and ΓΞN . Regarding the rates of the (ΛΛ − ΛΛ) → Λn, the sum of both
contributions is constructive when leading to final Λn state while is slightly destructive when
dealing with (ΛΛ − ΣN) states. On the contrary, the ΛΛ − ΞN component of the of the wave
function shows a constructive interference for all final states. The behaviour we obtained for the
ΛΛ− ΣΣ contribution is similar to the one shown for the ΛΛ− ΛΛ one.
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It is difficult to reconcile this numbers with what we see from Fig. (1) since we would expect
much more similar values for ΓΣΣ and ΓΞN , and much more difference between these rates and
ΓΛΛ.
Our calculations of the decay rates have been based on the exchange of pi and η. In order to
have a complete picture of the contribution of the ΣΣ− Y N transitions to the decay of 6ΛΛHe, we
need to incorporate the exchange of not only pi and η, but also K and vector mesons, such as ρ, ω




In this section we compute
∑
SMS




~k, ~r)|Oˆ|ψ1S0ΣΣ (~r) > |2 appearing in Eq. (8). We calculate separately the terms for S = 1
and for S = 0, taking in account the results from the previous section. To illustrate the calcula-
tion, we take for the initial wavefunctions harmonic oscillator wavefunctions, while for the outgoing
ones take plane waves. Nevertheless, the final result has been computed using the correlated wave




















with b a parameter of the plane wave functions.







































































































































For S = 1 we take again from Eq. (24):
















































































































































































































B. Isospin matrix elements






















For that, we need to know the reduced matrix elements of the operators themselves. In this
section, we are using the Wigner-Eckart theorem (Eq. 55):
< jm|T kq |j′m′ >=
(−1)2k < j′m′kq|jm >< j|T k|j′ >√
2j + 1
, (B2)
to get rid of m dependence.
To calculate < j|T k|j′ > we are going to use two properties. The first one will be the relation
























































































With this, we can express it in spherical components:
τ1 = − 1√
2


































mN > . (B5)


























> = 2. (B8)
Due to the fact that the reduced matrix elements do not depend on the projection values for
the isospin, it can be obtained with all other projections, leading to the same exact result.
For the reduced matrix elements involving integer numbers we used [10]:
< 00|T k|1m >= (−1)k < 001− k|1m >= (−1)kδmk (B9a)
< 1m|T k|00 >= δmk (B9b)
< 1m′|T k|1m >=
√
2 < 1m′|1m1k > . (B9c)
We are now capable of obtaining the matrix for each operator. We are going to compute T ,
an operator that allows us to connect T = 3/2 states and T = 1/2 states, and τ that allows us to








































· 1 · 1√
2









































· 1 · 1√
2
(−2) = −1 (B10)
T 1 =
(
0 0 −1√3 0


















































































































































































· 1 · 1√
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The last step is to obtain each value for the different diagrams we get at the very beginning of












































× < T10t10|Aµ1 |T1t1 >< T20t20|A−µ2 |T2t2 >, (B22)
where here the operator A can be both τ or T depending on the isospin value of initial and final
states.
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C. Example of calculation of coupling constants
1. Strong example: the Σ−pi+ → Σ0 vertex
As an example, the computations for the Σ−pi+ → Σ0 vertex strong coupling constant are
explicitly written down. As we previously said, only the two last terms of the Lagrangian will
contribute to the final value:
D
2
Tr[B¯γµγ5{uµ, B}] + F
2
Tr[B¯γµγ5[uµ, B]], (C1)





















The first step is to compute both the commutator and anticommutator for each term we need.
Using uµ = i(u
†∂µu− u∂µu†) = −
√
2
f ∂µφ we get:















































































Both traces may now be evaluated, taking in account that γ5 and γ
µ are in Dirac space, which
allows us to take this terms out of the trace:
D
2















































 = −D2f γµγ5∂µ(pi+)Σ−(Σ¯0).
(C6)
2. Weak PV example: the Σ+pi− → n vertex
Analogously as the strong coupling constants, the computations for the PV weak values is pretty
straightforward. For the weak case, though, all the Lagrangian terms are used. In this example it


























The value for ξ†hξ is:





























































 = −GFm2pifpi[hD − hF ]ipi+f . (C12)
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3. Weak PC example: the Σ+pi− → n vertex
To exemplify one of the PC weak coupling constants using the pole model, we are going to use
the example depicted before in Figure (5). This is the case for the transition Σ+pi− → n. The Eq.
(42) is explicitly written again:
gΣ+Λpi−
1







The pole model, as we mentioned before, is based in shifting the strong vertex along the baryonic
line. Each appearing diagram will have its corresponding term.
As if they were separate vertices, we take the corresponding strong baryon-baryon-meson cou-
pling constant, which are also written down in Table IV, and we divided by the difference of
masses we get, towards the strong vertex. This term must be multiplied by the corresponding
AB1B2 [10][12] constant, with B1 and B2 the initial and final baryons of the new weak vertex.
The expressions obtained with this model are shown in Table VI.
4. Total coupling constants contribution.
Here is an example of how strong and weak coupling constants are finally integrated. The
























































It is necessary to mention why there is a null term in the product of coupling constants for Σ0Σ0
pi0−→
nΣ0. The responsible is the following term:
< TY tY |~T2|T2t2 >=< 10|~T2|10 >= 0, (C15)
which leads to a zero result.
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